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a b s t r a c t
A 45-year-old man with premature ventricular contractions (PVCs) underwent electrophysiological
studies. Activation mapping using a noncontact electroanatomical mapping system indicated that the
septal mid-apical region in the right ventricle was activated earliest. However, pace mapping did not
match the activation mapping. Although the PVCs were successfully eliminated by applying radio-
frequency current to the prepotential site preceding their QRS onset, a recurrence of PVCs with the same
QRS morphology was observed at the 2-month follow-up examination, necessitating a second procedure.
During the second procedure, echocardiography-guided electroanatomic mapping revealed centrifugal
activation from the right ventricular mid-apical region on the septal portion of the anterior papillary
muscle, but perfect pace mapping was not obtained at that site. With intracardiac echocardiography
conﬁrming good contact between the ablation catheter and papillary muscle, an irrigated radiofrequency
current successfully eliminated the PVCs. This case indicates that the use of a guidance system may be
feasible and useful for catheter ablation of PVCs originating from the right ventricular papillary muscle
when there are discrepancies between activation mapping and pace mapping.
& 2013 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.
1. Introduction
Idiopathic premature ventricular contractions (PVCs) in the papil-
lary muscles originate on or beneath the endocardium [1]. Achieving
a stable catheter location for contact with these muscles can be
challenging because they are actively involved in the repeated
expansion and contraction of the heart. The CARTO 3D mapping
system (CARTOSOUND, BiosenseWebster, Diamond Bar, CA, USA) can
be used with a real-time intracardiac echocardiography (ICE) probe
and a CARTO™ navigation sensor (SOUNDSTAR, BiosenseWebster) to
facilitate image integration during ablation.
We report a case of PVCs originating from the right ventricular
papillary muscle that were treated using radiofrequency catheter
ablation with the integration of the CARTO 3D mapping system
and ICE.
2. Case
A 45-year-old man with idiopathic PVCs accompanied by symp-
tomatic palpitations underwent catheter ablation. Echocardiography
demonstrated no evidence of structural heart disease. At baseline,
monomorphic PVCs were frequent, with the following characteris-
tics: QRS width of 130 ms, left bundle branch block, inferior axis,
a transition zone in precordial leads V3–V4, and a positive QRS wave
in lead I (Fig. 1B, right panel). To determine the origin of the PVCs,
noncontact mapping (EnSite Navx system, St. Jude Medical, St. Paul,
Minnesota) was performed with the EnSite Array catheter positioned
in the right ventricular outﬂow tract. A 2-Hz high-pass ﬁlter was
used with the virtual unipolar electrograms. During the procedures
in the right ventricle, intravenous heparin was administered to
maintain an activated clotting time of 4250 s.
Although the electrophysiology study, based on virtual isopo-
tential mapping with a noncontact mapping system (Fig. 1A),
indicated that the PVCs originated in the mid-apical region of
the right ventricular septum, their morphology at that site differed
from that obtained via pace mapping in the same region (Fig. 1B).
Radiofrequency current was applied to the sites that had the
earliest local ventricular activation time relative to the QRS onset
(17 ms before) and to those with a local unipolar QS pattern during
the PVCs (Fig. 2A). However, radiofrequency ablation using a non-
irrigated ablation catheter with a 4-mm tip (set at 30 W and with a
target temperature of 55 1C) failed to eliminate the PVCs, although
there was a slight change in the QRS morphology.
Subsequently, more detailed mapping was performed to identify
the Purkinje potential preceding the QRS onset of the PVCs in their
region of origin (Fig. 2B). Radiofrequency ablation was performed at
the site of the earliest Purkinje potential preceding the local ventri-
cular potential (Fig. 2C and D). When an acceleration or reduction of
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ventricular tachycardia (VT) or PVCs was observed at the beginning of
the application, radiofrequency delivery was continued for an addi-
tional 60 s. Ultimately, the PVCs were eliminated within the vicinity of
the earliest activation site. Thereafter, no ventricular arrhythmias could
be induced, even after programmed electrical stimulation.
The second radiofrequency procedure was undertaken because of
PVC recurrence 2 months after the ﬁrst procedure. These PVCs had
the same morphology as those targeted during the ﬁrst procedure.
Three-dimensional geometries of the papillary muscles and right
ventricular chamber were reconstructed using CARTOSOUND™ dur-
ing the PVCs (Fig. 3), and the SOUNDSTAR was positioned in the right
ventricle for acquiring electrocardiogram-gated two-dimensional
images. An ablation catheter (NAVISTAR THERMOCOOL, Biosense
Webster) was then introduced to the right ventricle under the same
heparin protocol as in the ﬁrst procedure. Activation mapping in the
right ventricle was performed during the PVCs using a catheter
whose tip position was veriﬁed using ICE in real time. The activation
map clearly indicated that the earliest ventricular activation site was
the same as in the ﬁrst procedure. At the activation site, ICE showed
the anterior papillary muscle (Fig. 4A). Although pace mapping was
performed from both the septal and free wall sides of the right
ventricular papillary muscle, neither recorded perfect pace matching
Fig. 1. A: Virtual unipolar isopotential mapping during premature ventricular contractions and B: pace mapping at the earliest activation site (left panel), clinical premature
ventricular contraction (right panel). There were no correlations between the virtual unipolar isopotential mapping and the pace mapping. RVOT: right ventricular outﬂow
tract, RAO: right anterior oblique view, and LAO: left anterior oblique view.
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(Fig. 4B). Therefore, ablation of the papillary muscle was performed
under electroanatomic map guidance combined with the real-time
ICE. The current was delivered in the power control mode, starting at
25W with an irrigation ﬂow rate of 17 mL/min. Radiofrequency
energy was applied at a power of 35W and a maximal temperature
of 43 1C. The PVCs were successfully eliminated, and no ventricular
arrhythmias could be induced thereafter, even after programmed
electrical stimulation. During follow-up examination, this patient
was free of any ventricular arrhythmias.
3. Discussion
In this case, PVCs that recurred 2 months after their elimination
by a ﬁrst radiofrequency procedure were successfully treated with
the assistance of an echocardiography-guided electroanatomic
mapping system.
PVCs originating on or beneath the endocardium of the
papillary muscles [1] comprise only approximately 5% of all types
of PVCs that can be treated using catheter ablation; in particular,
Fig. 2. Cardiac tracings (A and B). A: During a premature ventricular contraction, the local ventricular activation recorded from the mid-apical portion of the right ventricle
preceded the QRS onset by 17 ms with a “QS” pattern in the unipolar mode. B: The earliest activation (prepotential, arrow) preceded the QRS onset during a premature
ventricular contraction (a slight change in the electrical axis of a premature ventricular contraction after ablation). Fluoroscopic images (C and D). The ablation catheter was
applied at that site. ABL: ablation catheter, Array: EnSite Array catheter, and ABL Uni: Unipolar electrogram.
Fig. 3. The electroanatomic maps exhibiting the earliest activation site. The maps were created by adding the activation data during the PVCs to the three-dimensional right
ventricular anatomical shells that were reconstructed using the CARTO mapping system. The left panel exhibits the AP view and the right panel exhibits the PA view. AP:
anteroposterior, PA: posteroanterior, and TV: tricuspid valve.
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these include PVCs originating in the interventricular septum.
These types of PVCs are more frequent in men [2]. Although
papillary muscles are located within both the right and left
ventricles, PVCs originating in the papillary muscles of the right
ventricle are extremely rare. Because the papillary muscles are
actively involved in the repeated expansion and contraction of the
heart, radiofrequency application can be challenging. These con-
tractions occur deep within the endocardium of the papillary
muscles, and their recurrence rate is higher than that of other
idiopathic PVCs [3,4].
Activation mapping is the most reliable method for identifying
the origin of idiopathic PVCs, although pace mapping usually
provides helpful clues. In this case, without an excellent pace map,
observation of discrete exit sites would have been difﬁcult because
the PVCs originated at a deeper location and additional radiofre-
quency lesions would have been required to eliminate them. This
ﬁnding suggests that PVCs may originate at a site some way below
the surface of the papillary muscles, and that the origin of the PVCs
may be located away from the exit site. An additional problem was
that the non-irrigated catheter did not allow good contact with the
papillary muscles because of the vigorous motion involved in normal
papillary muscle contraction. Therefore, an adequate radiofrequency
current could not be delivered at the origin of the PVCs. As with
arrhythmias originating from the left-sided papillary muscles, good
contact between the ablation catheter and muscle is crucial for
successful ablation. The lack of good contact may have been the
primary cause of PVC recurrence. Although no PVC episode was
observed initially following the ﬁrst conventional radiofrequency
ablation, the PVCs recurred 2 months after the procedure.
During the follow-up procedure, ICE helped to identify the
right ventricular site of origin of the arrhythmias. In this case,
catheter contact with the papillary muscle was conﬁrmed by ICE
before papillary muscle ablation was performed.
Purkinje potentials have been identiﬁed in some cases of successful
ablation of PVCs originating in the right ventricular papillary muscles,
indicating a possible involvement of the Purkinje ﬁbers as well as the
left ventricular papillary muscles [3,4]. During our ﬁrst procedure, a
Purkinje potential was observed at the site of successful ablation, and
Fig. 4. A: The intracardiac echocardiographic image at the level of the papillary muscles (left panel: RAO and right panel: LAO). B: Electroanatomic maps of the successful
ablation site and cardiac tracings from both the septal side and free wall side of the papillary muscle in the right ventricle.
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the PVCs were subsequently eliminated, suggesting possible involve-
ment of the Purkinje ﬁber system in the arrhythmogenic substrate [5].
However, a Purkinje potential was not recorded during the second
procedure. As the ﬁrst radiofrequency ablation was performed at the
sites where the Purkinje potential was recorded, the Purkinje potential
might have disappeared by the time the second radiofrequency
ablation was performed. Moreover, since the Purkinje potential did
not clearly precede the PVCs, it may have represented a bystander
electrocardiogram. Thus, the second radiofrequency ablation was
performed despite the absence of a Purkinje potential.
Because the patient's responsiveness to medication was not
examined and continuous VT was not observed, the mechanism
behind the appearance of the PVCs in this case remains unknown.
However, according to Crawford et al., automaticity might cause
PVCs to originate in papillary muscles [2]. Further studies of the
association between papillary muscles and Purkinje potentials are
required.
4. Conclusions
We identiﬁed PVCs originating in the right ventricular papillary
muscle using an echocardiography-guided electroanatomic mapping
system. Performing the ablation procedure was difﬁcult because the
pace and activation mapping did not match. However, treatment was
successful when radiofrequency ablation was performed using ICE in
real time, which allowed for the determination of the relative
positions of the catheter tip and the papillary muscle.
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